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Chem. 16, 166(1970 The completion of this reaction is dependent on time of incubation ( Figure 1 ) and enzyme concentration ( Figure  2 ). The optimal conditions for the DPG concentrations In the method we have devised, only one enzyme is required and inorganic phosphorus is determined colorimetrically, thus eliminating the need for special recording equipment. When the blank reading for inorganic phosphorus was included in the procedure, prior to mutase action, the method proved accurate and reliable for studying DPG concentrations. 10017; from rabbit muscle, about 30 U/mg of protein). The content of the 5-mg vial is placed in a refrigerated centrifuge, which is cooled to 5#{176}C, and operated at 3000 X g for 45 min. The clear supernatant fluid is dIscarded and the residue dissolved in 0.1 ml of glycylglycine buffer diluted with 0.9 ml of distilled water. Dissolve 37.6 g of an-
Materials and Methods

Reagents
hydrous potassium carbonate in 100 ml of distilled water.
Trichloroacetic acid solution
A: Dissolve 50 g of trichloroacetic acid in 100 ml of distilled water. Dissolve 10 mg of methyl orange in 100 ml of distilled water. Perchloric acid solution: Dilute 5.2 ml of perchloric acid (relativedensity, 1.67, ca. 70%) to 100 ml with distilled water.
Procedure
One milliliter of whole freshly drawn blood of known hematocrit is precipitated with 4 ml of the perchloric acid solution and centrifuged for 10 mm at 5#{176}C and 3000 X g. Two molar potassium carbonate is added dropwise to 2.5 ml of supernatant fluid to which two drops of methyl orange have been added, until the indicator color is pate yellow. The neutralized solutions is diluted to 5 ml with water. It can then be stored in the freezer for DPG determinations.
For the DPG determinations, proceed as follows (use 10 X 75 mm culture tubes): For the calibration curve use 0.1, 0.06, and 0.04 anol of DPG per 0.4 ml final volume. For 0.1 mol/0.4 ml, use 0.1 ml of stock standard diluted with 0.3 ml of distilled water, for 0.06 zmol use 0.3 ml of a fivefold dilution of the stock standard and add 0.1 ml of distilled water, and for the 0.06 smol use 0.2 ml of fivefold diluted stock standard and add 0.2 ml of distilled water.
For each thawed blood supernatant fluid, prepare two duplicate sets of tubes, each containing 0.4 ml of the unknown. Place one set of tubes on the same rack with those used for the calibration curve, and the other set on a different rack for the blanks. To all tubes, add 0.1 ml of phosphoglycolic acid in glycylglycine buffer and then add 40 il of buffer to all the tubes on the rack used for the blanks and 40 jl of mutase solution to all the tubes prepared for the test and the calibration curve. Mix well and incubate in a water bath for 15 mm at 25#{176}C (±2#{176}C). Precipitate the protein by addition of 0.1 ml of trichioroacetic acid solu-tion A, mix thoroughly, and centrifuge for 15 mm. Pour all supernatant fluids into test tubes before proceeding with the inorganic phosphate determination (7), and add two tubes to the test series, each containing 0.1 ml of phosphate standard (0.1 imol/ml) plus 0.4 ml of trichloroacetic acid solution B. To all tubes, add 0.4 ml of molybdate reagent and 0.2 ml of aminonaphtholsulfonic acid reagent. Let stand for 20 min for color development and read on the Beckman Model DU spectrophotometer in 1-ml cuvets at 690 nm.
Draw a standard curve with the averages of the absorbance values obtained for DPG standards. Then calculate the averages for the absorbance obtained for the test of each unknown minus the averages obtained for the blanks of the same blood. Read the DPG concentration per 0.4 ml from the standard curve and then calculate as follows: zmol DPG/0.4 ml X (10/4) = (mol DPG/ml)/hematocrit = DPG/ml red blood cells
The 0.1 imol/ml phosphate standard is included in the determination to check the mutase activity converting the DPG standard (0.1 ,nnol/ml) to phosphate. Should these values differ by more than 10 to 15%, the test has to be repeated with fresh mutase.
Results and Discussion
It has been shown (8) that DPG concentrations in red blood cells adjust to the amount of available oxygen. The oxygen-hemoglobin saturation curve expresses oxygen saturation at a given pressure. P50, the pressure required for half saturation of hemoglobin with oxygen, is normally about 26.5 mm of Hg. Lower P50, less available oxygen or a left-shifted curve, corresponds to a lower DPG level, while the opposite is true for a right-shifted curve. Table 1 shows the lower DPG values obtained for five patients who had a left-shifted curve (P50 <26.5), and for five patients with higher DPG values corresponding to the rightshifted curve (P5o >26.5), as found in their cases and corresponding to the clinical picture (9) . The figures in parentheses give the data obtained for the same determinations when the phosphate blanks are not deducted. Normal control values are given on the bottom of the Table; they were the values obtained after subtracting phosphate blanks. The average of eight determinations by the methods described here was 4.19 ± 0.26 zmol of DPG per milliliter of red blood cells. The average obtained by Oski et al. (1) for 20 normals was 4.082 ± 0.515 zmol of DPG per milliliter of red blood cells. Oski et al. (1) used a Gilford Model 2000 recording spectrophotometer. Table 2 shows the values obtained for two patients with exceptionally high serum phosphate concentrations, who had blood transfusions (6) . Their DPG concentrations are about normal when the phosphate blank is deducted, while the values in parentheses would not yield valid information.
From these results it can be seen that values obtained without phosphate blanks would lead to erroneous conclusions, because all patients with a lower than normal P50 would have elevated DPG values. With the data obtained after deduction of the phosphate blanks, the patients with the left-shiftedoxygen hemoglobin curves showed low DPG values and those with a right-shift, higher values than normal. All values obtained by this procedure conform to the findings reported in the literature, which were obtained by using determination procedures based on the method by Krimsky (3) and were all carried out with refined recording instrumentation.
In these cases, deduction of a phosphate blank is not necessary because the DPG determinations are carried out in such great dilution that interference of inorganic phosphorus is insignificant. In the proposed method, less-dilute specimens are used to obtain the desired accuracy for reading in a regular spectrophotometer; in this case, phosphate blanks are absolutely necessary.
The method described here is simple, reliable, and recommended for the clinical laboratory performing such a test. It does not require any specialized equipment, and the results are the same as obtained with the more expensive equipment that others (1, 10) have recommended for DPG determinations.
